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Abstract
Background: A large and compelling clinical evidence base has shown that integrated TB and HIV services leads to
reduction in human immunodeficiency virus (HIV)- and tuberculosis (TB)-associated mortality and morbidity. Despite
official policies and guidelines recommending TB and HIV care integration, its poor implementation has resulted in
TB and HIV remaining the commonest causes of death in several countries in sub-Saharan Africa, including South
Africa. This study aims to reduce mortality due to TB-HIV co-infection through a quality improvement strategy for
scaling up of TB and HIV treatment integration in rural primary healthcare clinics in South Africa.
Methods: The study is designed as an open-label cluster randomized controlled trial. Sixteen clinic supervisors who
oversee 40 primary health care (PHC) clinics in two rural districts of KwaZulu-Natal, South Africa will be randomized
to either the control group (provision of standard government guidance for TB-HIV integration) or the intervention
group (provision of standard government guidance with active enhancement of TB-HIV care integration through a
quality improvement approach). The primary outcome is all-cause mortality among TB-HIV patients. Secondary
outcomes include time to antiretroviral therapy (ART) initiation among TB-HIV co-infected patients, as well as TB
and HIV treatment outcomes at 12 months. In addition, factors that may affect the intervention, such as conditions
in the clinic and staff availability, will be closely monitored and documented.
Discussion: This study has the potential to address the gap between the establishment of TB-HIV care integration
policies and guidelines and their implementation in the provision of integrated care in PHC clinics. If successful, an
evidence-based intervention comprising change ideas, tools, and approaches for quality improvement could inform
the future rapid scale up, implementation, and sustainability of improved TB-HIV integration across sub-Sahara
Africa and other resource-constrained settings.
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Background
Tuberculosis (TB) is the commonest opportunistic infec-
tion and cause of death among human immunodeficiency
virus (HIV)-infected patients in resource-limited countries
[1]. In 2015, there were an estimated 10.4 million new
(incident) TB cases worldwide, of which 5.9 million (56%)
were among men, 3.5 million (34%) among women, and
1.0 million (10%) among children. In addition, people
living with HIV accounted for 1.2 million (11%) of all the
new TB cases [2]. In 2014, the World Health Organization
(WHO) reported 83% incident TB cases worldwide out of
which one third of these new TB cases originated from
the African continent with high burden countries (HBCs)
[3]. A similar trend was documented in the 2016 WHO
global TB report which showed that the proportion of TB
cases living with HIV was highest in the WHO African
Region (31%) and exceeded 50% in parts of southern
Africa [2].
The extent of the combined TB and HIV epidemics in
South Africa has created enormous operational challenges
for healthcare delivery [4]. Prior to the implementation of
TB-HIV integration, the South African healthcare system
provided separate vertical programmes for TB and HIV
services delivered by different healthcare staff, often
located in separate clinics [4–6]. The vertical model of
delivering TB-HIV care to co-infected patients relied upon
referral and linkage to care programmes (between TB and
HIV programmes and vice versa). This proved problem-
atic and inefficient as referral between programmes
depended chiefly on patients’ resources and health-
seeking behavior which was unmonitored [4, 6].
Integration according to Uyei et al. (2014) is opera-
tionalized by three domains: functional, organizational,
and clinical integration [7]. An integrated model of TB
and HIV healthcare service delivery is an efficient use of
health system’s resources that would address the two
very important co-epidemics [8]. A number of studies
provide evidence of the relationships in the integration
framework that applies to TB and HIV healthcare
delivery [7, 9–11]. However, the optimum model for inte-
grated TB-HIV services in a clinical setting is unknown.
South African guidelines on TB-HIV integration
The South African Department of Health (SA DoH) has
developed guidelines and policies supportive for the in-
tegration of TB-HIV services. The key focus areas for
TB-HIV integration as standard of care in the most re-
cently updated SA DoH guidelines [8, 12–14] is outlined
in Table 1.
Clinical benefit of known TB-HIV integration interventions
Randomized controlled trials have demonstrated that
early initiation of ART during TB therapy improved sur-
vival of TB-HIV co-infected patients by 56% [15, 16].
Additionally, initiating ART early during TB treatment
(within 2–4 weeks) increased AIDS-free survival by 34–68%
among patients with advanced HIV disease [15, 17, 18]. In
spite of TB-HIV integration being incorporated into inter-
national and South African guidelines, mortality rates in
2015 for TB-HIV co-infected patients in South Africa was
133 per 100,000 population, which is more than three
times higher than mortality in HIV-negative TB patients,
who had mortality rates of 46 per 100,000 population [2].
Initiation of cotrimoxazole preventive therapy (CPT)
before or with ART, irrespective of CD4 count, in co-
infected patients has been shown to reduce severe
bacterial infections in an observational study [19] and
mortality by 27% in a multi-site randomized clinical trial
(RCT) conducted in Africa [20]. The clinical benefits as-
sociated with the use of CPT was adopted by WHO for
use as an adjunctive therapy for improved outcomes in
the management of TB and HIV co-infected patients in
the 2014 treatment guidelines [20–22]. In addition, find-
ings from a RCT conducted in South Africa showed that
12 months of isoniazid preventive therapy (IPT) con-
ferred a 37% reduction in risk of active TB in ART-naïve
patients [23]. The benefit of 6 months of IPT and early
ART irrespective of baseline CD4 count was also re-
cently confirmed in the TEMPRANO study that showed
44% lower risk of severe HIV-related illness and a 35%
lower risk of death from any cause [24].
Rationale of the study
Despite the inclusion of the evidence above in standard
TB and HIV treatment guidelines, implementation of
these interventions as part of TB-HIV integration in
South Africa remains poor [23, 25, 26]. Premature mor-
tality from TB and HIV in women and men account for
53.7 and 24.2% of deaths in the 15–24 year age group
and for 44.4 and 47.2% of deaths in the 25–64 age
group, respectively [27]. Cost-effective and sustainable
strategies to strengthen integration of known effective
TB-HIV interventions in primary health care (PHC)
clinics, the main service delivery point for millions of pa-
tients, will abrogate the high mortality associated with
Table 1 Focused areas for TB-HIV integration
▪ Testing and counseling for HIV in all patients with TB.
▪ Intensified case finding for TB in HIV-infected patients.
▪ Isoniazid preventative therapy (IPT) for HIV-positive patients that
screen TB negative.
▪ ART initiation for all TB-HIV co-infected patients.
▪ Cotrimoxazole therapy for TB-HIV co-infected patients.
▪ Enhanced retention in care strategies including the post-test counseling
and use of community-based outreach workers.
▪ Enhanced ART and TB treatment adherence strategies including the
use of community care workers for adherence support and
community-based management of selected patients.
▪ A fully integrated data management system—adopting the
approach of one patient, one appointment, one file, and one data
management system.
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TB-HIV co-infection [28]. A systematic review by Uyei
and colleagues in 2011 of observational studies using
secondary data on TB-HIV integration in sub-Saharan
Africa found several benefits from integration and iden-
tified the need for additional research to identify barriers
to integration as well as strategies to improve TB-HIV
integration [26].
Theoretical framework
Models of TB-HIV integration have ranged from TB
clinics referring patients to HIV clinics and vice versa to
full integration where both services are available at a
single facility, on the same day, by the same healthcare
worker [5]. A group of South African researchers devel-
oped a model to illustrate the critical health system
mechanisms that are essential to operationalize TB and
HIV service integration [7]. Implementing integration re-
quires Functional integration which is the extent to
which integration is supported at the policy and budget
level; Clinical integration which is the extent to which
TB and HIV care, treatment, diagnostic testing, and
health education activities are taking place concurrently;
and Organizational integration which is the extent to
which facility level resources (e.g., staff, infrastructure,
space, patient files, and data systems) and processes
(e.g., patient flow) are integrated [7]. While the model
efficiently explains what is needed to integrate TB and
HIV services, it does not illustrate how TB and HIV ser-
vice integration should be integrated. Quality improve-
ment as a method to improve organizational and clinical
integration is on the cusp of widespread roll out in
South African Department of Health facilities and there
is enough support and political will for creating a culture
of quality improvement (QI) in facilities [8, 14, 29].
We propose a theoretical framework which is an adap-
tation of the Uyei et al. (2014) model that demonstrates
the central role of QI as a catalyst to operationalizing in-
tegration. The SUTHI study intervention has targeted
PHC supervisors and frontline clinic staff as the
recipients of the QI intervention. Figure 1 illustrates that
through continuous QI activities, we theorize that
organizational and clinical integration can be improved
and strengthened and lead to improved patient and
organizational outcomes. Using the collaborative break-
through series approach, developed by the Institute of
Healthcare Improvement (IHI) [30–33], we propose that
a series of timed collaborative learning sessions that
brings intervention clinics together coupled with men-
torship visits at the facility level will impact clinical and
organizational integration activities. Our framework
Fig. 1 SUTHI study theoretical framework. IPT isoniazid preventive therapy, CPT cotrimoxazole preventive therapy, PLWHA people living with
HIV/AIDS, ICF intensified case finding, HCT HIV counseling and testing
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proposes that QI alone may not be sufficient to bring
about improvements in integrated service delivery hence
evaluating, measuring, and monitoring environmental
and contextual factors (confounders) as well as deliver-
ing a good quality QI intervention is key to improving
TB, HIV, and integrated TB-HIV services.
Methods
Aims and objectives
This study aims to reduce mortality due to TB, HIV, and
TB-HIV co-infection through a QI strategy for scaling
up of TB and HIV treatment integration in rural PHC
clinics in South Africa. The hypothesis is that survival
rates will be lower in TB, HIV, and TB-HIV co-infected
patients accessing health care at clinics implementing
the study intervention to deliver integrated TB-HIV care,
compared to survival in patients accessing health care at
clinics that provide only the standard of care for people
with TB and or HIV.
Specific objectives include:
1. To determine the impact of a QI-mediated TB-HIV
care integration on patient mortality.
2. To determine the effectiveness of peer-led QI
approach to enhance integration of TB-HIV
healthcare delivery.
3. To identify clinic-level factors that impact on the
implementation of integrated TB-HIV services.
4. To determine the cost-effectiveness of implementing
TB-HIV integration using the QI approach.
5. To develop an intervention, comprising QI-based
change ideas, tools, and approaches for the scale up,
implementation, and sustainability of integrated
TB-HIV services across South Africa and in other
resource-constrained settings.
Study setting and design
This is an open-label cluster randomized controlled trial
where the cluster is defined as the group of clinic(s)
under the same PHC clinic supervisor, where each of the
16 PHC clinic supervisors may oversee between 3 and 5
PHC clinics. Cluster randomization was chosen for prac-
tical reasons because the study will be carried out in
pragmatic settings involving 40 PHC clinics within the
King Cetshwayo district (formerly called uThungulu) [34]
and Ugu districts in KwaZulu-Natal, South Africa. A total
of 11.1 million people (19.9% of the South African popula-
tion) live in KwaZulu-Natal [35]. The province has the
highest TB-HIV disease burden in South Africa with an
estimated TB-HIV co-infection rate of 70% [12, 36]. The
two districts were selected because they are rural with
high burden of TB, HIV, and TB-HIV co-infection, despite
TB and HIV treatment services in accordance with
current guidelines being available [13, 14, 37]. In 2016,
82.3% of TB-HIV co-infected patients were initiated on
ART in KwaZulu-Natal, slightly lower than the national
ART initiation rate of 84.5% [38]. King Cetshwayo district,
located on the northern coast of KwaZulu-Natal, has a
population of 937,793, with approximately 80% living in
rural settings [39]. Similarly, Ugu district, situated in
southern KwaZulu-Natal has 86% of its population of
750,214 living in rural areas [38, 40]. The in-hospital case
fatality rate due to TB-HIV co-infection in both King
Cetshwayo district (38.4%) and Ugu district (38.8%) re-
mains high despite ART availability [27]. In 2015, over a
quarter of all deaths in KwaZulu-Natal, irrespective of age
or gender, were caused by TB (15.5%) or HIV (12.2%).
PHC clinics offer community level frontline services and
chronic care for all health ailments, including TB and
HIV. Patient level data for these diseases are routinely
captured electronically [41].
Study population
Anonymized clinical and programme outcome data for
all TB, HIV, and TB-HIV co-infected patients accessing
services in the 40 clinics will be included in the study
analysis. According to estimation from the clinic head-
count data, an average of 4500 patients are seen in the
two districts each month. In addition, the healthcare
workers (HCWs) including PHC supervisors will be
interviewed to collect clinic level information after
obtaining informed consent for participation in inter-
views. These interviews will be collated and analyzed to-
gether with patient level data.
Randomization and study groups
Randomization will occur at the level of the PHC super-
visor. This is being done to avoid contamination of inter-
vention effects into control clinics since each supervisor
routinely supports multiple clinics. Each PHC clinic
supervisor will be randomly assigned in a 1:1 ratio to the
intervention or control arm. The study investigators
would provide a list of facilities and supervisors to be ran-
domized using a computer-generated randomization list
generated by study statistician. In South Africa, a PHC
clinic supervisor fulfills a management role at PHC clinics
[42], and are mandated to ensure smooth clinic operations
through oversight of clinic performance against set targets
including patient clinical outcomes and programme per-
formance targets, and oversees the implementation of
clinical guidelines. Each PHC clinic supervisor may over-
see between three and five PHC clinics within one district.
Therefore, through randomization of 14–16 PHC clinic
supervisors working in both the Ugu district and King
Cetshwayo district, 40 clinics (20 in each arm) will be
enrolled into this study as each supervisor oversees on
average three to five medium-sized clinics. Not all clinics
under the purview of the PHC clinic supervisors
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randomized will be enrolled into the study. Clinics
will be excluded if ART services are not offered on
site, services are run by a single nurse, and if they
are mobile clinics or clinics located within hospitals.
All eligible clinics enrolled in the control arm of this
trial will receive the prevailing standard-of-care for
TB-HIV integration (Fig. 2) in accordance with the
DoH guidelines. While the study team will not
interfere with any additional benefit that control
clinics may receive (for example, support from other
NGOs), changes to the background standard of care
will be recorded systematically and accounted for in
the final analysis.
The quality improvement intervention
Quality improvement is described as a set of continuous
actions through coordinated effort of HCW teams aimed
at accelerating improvements to patient care and health
outcomes [43]. This is done through iterative changes
and peer-to-peer learning about successful changes and
has been demonstrated to significantly improve HCW
performance and lead to sustainable delivery of quality
care with improved health outcomes [30, 43, 44]. The
Institute for Healthcare Improvement (IHI) Breakthrough
Series (BTS) is an example of quality improvement
through learning collaborative, demonstrated to success-
fully impact health outcomes in developing-country
Fig. 2 SUTHI study enrolment, randomization, follow-up, and outcome following TB-HIV integration intervention
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settings [30, 45]. The learning collaborative brings together
clinic teams at regular intervals to learn QI methods and
exchange challenges and successes in efforts to implement
the TB-HIV care pathway (learning sessions). Each clinic
will form a QI team that will work with the PHC super-
visor and QI mentors between these learning sessions to
develop local ideas for implementing a specific area of care,
regularly measure performance using agreed-upon indica-
tors, and bring back those results and emerging best prac-
tices to other clinic teams through periodic learning
sessions. We aim to use this structured implementation
approach to improve reliable delivery of published
evidence-based interventions known to decrease morbidity
and mortality in patients with TB and HIV. The main
measure of the collaborative’s success will be measurable
improvement in the magnitude, maintenance, and speed of
specific steps of TB-HIV integration, ascertained through
time-series analyses. These analyses will be collected and
acted upon in real-time and will include process and out-
come indicators. The magnitude of TB-HIV integration
implementation will be measured by the extent to which
interventions provide measurable improvements in PHC
process indicators from baseline (e.g., coverage of HCT
and IPT services among eligible patients, improvements in
quality of services, proportion of HIV-infected patients of-
fered IPT following a negative TB screening). We will also
track the speed at which each of the eight TB-HIV integra-
tion interventions are implemented (e.g., the number of
months taken to reach 90% implementation of individual
integration interventions) and factors affecting speed of
intervention uptake in the clinics.
Systematic testing of change ideas will be evaluated
through a rapid sequence of steps called the Plan-Do-
Study-Act (PDSA) cycle. The PDSA cycle is a sequential
framework for examining problems, deriving solutions,
measuring progress, and embedding changes leading to
positive outcomes [46, 47]. Selected HCWs from the study
intervention clinics will be trained on QI methodology.
This training will enable establishment of QI teams in
intervention clinics to work test and implement change
ideas to advance implementation of the TB-HIV integra-
tion interventions in rapid cycle (Fig. 1) and exchange suc-
cessful ideas for change with other intervention sites
through the learning collaborative. Furthermore, measures
will be taken to prevent inadvertent cross-contamination
of change ideas (e.g., by avoiding any convening of inter-
vention and control clinics or personnel).
Training, coaching, and mentorship for HCWs
implementing QI in clinics randomized to the
intervention arm
The QI approach promotes front-line staff engagement
in the identification of problems affecting performance
and catalyzing rapid cycle testing of possible solutions in
each of the eight identified TB-HIV integration indica-
tors (Table 1). The QI team at each of the intervention
clinics will include the PHC supervisor from the District
Health Management team, the QI clinic champion, the
clinic’s operation manager, selected clinic staff members,
and a QI coach/mentor represented by a member of the
study team. The QI champion, usually a clinic’s most
senior nursing staff, will be trained to lead and support
QI teams in their facilities using QI methods including
the PDSA model, systems thinking, and the use of data
for improvement.
The QI mentor and champion will be capacitated by
the research team to provide peer-leadership and
mentorship for implementation of QI methodology. In
addition, they will also be capacitated to monitor the
weekly performance of their clinics in achieving key suc-
cesses on the indicators being targeted for improvement.
The QI teams will be established through training of se-
lected health workers to become fully fledged QI leaders
and implementers within their facilities. Only HCWs
experienced in both TB-HIV management and imple-
mentation of national TB and HIV guidelines would be
eligible for QI training.
Implementation of the intervention
Three collaborative learning sessions and additional QI
support (mentoring and coaching) visits at specific time
points during the study period (Fig. 1) will be pre-
arranged. Collaborative learning session one will coach
teams in the use of a range of QI methods and tools
(process mapping, fishbone system analysis, PDSA
cycles, use of line graphs, and other data for improve-
ment). Areas requiring improvement will be identified
and prioritized, and aim statements encompassing spe-
cific aims and targets will be developed. Brainstorming
by the QI team and process mapping will be done to de-
fine a strategy to effect positive change (“a change idea”).
The PDSA cycles tracking a set of predefined indicators
will be reviewed bi-weekly by the QI team to test if the
recently adopted change idea resulted in performance
improvement, throughout the study period. This will
enable the generation of new ideas for improvement, it-
erative testing of these ideas, and monitoring of progress
attained through use of run charts and graphs. Learning
session two, scheduled 6 months later will review learn-
ings for all successful change ideas and challenges
against overall clinic performance, with the goal of scal-
ing back on frequency of QI support meetings for clinics
that are undertaking reliable improvement work. Learn-
ing session three, scheduled at month 12, will be focused
on review and scalability of the final successful change
package. It is anticipated that after learning session
three, the clinic’s QI teams would sustain successful
change ideas. Lessons learned will also be shared and
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Table 2 Data collection tools, sources, and outcome measures
Data to be collected Data source Outcomes measure
TB-HIV integration indicators Clinical outcomes
TIER.Net, community care givers, autopsy
reports
- Mortality rates—number of deaths among
TB and HIV patients accessing care in
study clinics from date clinic enrolled to
18 months post enrolment.
TIER.Net - Proportion of patients retained in
care—proportion of HIV-infected patients
enrolled in care at clinics and alive
12 months.
TIER.Net - Viral load testing coverage—proportion of
patients on ART with viral loads test done
among those eligible for viral load test at
requested time points.
TIER.Net - Viral load suppression—proportion of
patients with undetectable viral load tests
among those receiving 12 monthly viral
load test.
TIER.Net and clinic TB registers - TB treatment outcomes at end of study
period—
- Cure rates: proportion of new smear-
positive patients that are smear-negative in
the last month of treatment and on at
least one other occasion at least 30 days
prior.
- Loss to follow-up rates: proportion of new
smear-positive patients that interrupted TB
treatment for 2 consecutive months or
more.
- Treatment failure rates: Proportion of new
smear-positive patients that are smear-
positive at the end of TB treatment period.
- Death rate: proportion of new smear-
positive patients that died during TB
treatment.
- Transfer-out rate: proportion of new
smear-positive pulmonary TB patients
registered that were transferred to another
district and for whom the TB treatment
outcome is unknown.
Process outcome
- HCT Coverage—proportion of patients
with unknown HIV status tested for HIVTIER.Net, DHIS and clinic-based registers
TIER.Net, DHIS and clinic-based registers - Co-infection—proportion of TB patients
co-infected with HIV
TIER.Net, DHIS and clinic-based registers - Time to ART initiation (in days)—time in
days between diagnosis of HIV infection
diagnosis and ART initiation.
TIER.Net, DHIS and clinic-based registers - TB screening coverage among HIV-infected
patients—
a) Proportion of HIV-infected patients
receiving TB screening and
b) Frequency of TB screening during
follow-up
TIER.Net, DHIS and clinic-based registers - IPT initiation—
a) Proportion of HIV-infected TB negative
patients initiated on IPT and
b) Proportion of patients completing IPT
course.
TIER.Net, DHIS and clinic-based registers - CPT uptake among co-infected patients—
proportion of eligible HIV-positive patients
initiated on CPT
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documented across the intervention teams. At the suc-
cessful conclusion of the projects, the intention is to
scale up a reliable “change package” of successful, tested
changes across all clinics in the two districts, if not
across the entire district.
Standard of care in the control clinics: description of TB,
HIV, and integration services
Since the 2009 endorsement of integrated TB-HIV ser-
vices by the South African National AIDS Council
(SANAC) [48], and adoption of TB-HIV service integra-
tion into policy and practice by the National Department
of Health (NDoH) [29], South African guidelines recom-
mend integration of TB and HIV services by a single ser-
vice provider [8, 49].
Data collection
Data on TB-HIV integration indicators will be obtained
from patient files and existing standard customized elec-
tronic data management systems supported by SA DoH
[4, 41]. Routine clinical information is recorded in paper-
based registers and patient clinic folders housed in clinics
and subsequently captured onto the relevant TB or HIV
electronic system supported by SA DoH. Baseline patient
level data will be collected retrospectively for the
12 months prior to study start and will continue prospect-
ively throughout the study period (Tables 2 and 3). In
addition, HCW interviews will be conducted, using case
report forms, at specific time points during study period
from consenting health workers in both the intervention
and control clinics. Table 2 summarizes the data to be
collected, data source, and outcome measures while
Table 3 presents the study’s schedule of activities.
Study outcome measures
The primary outcome of this study will be all-cause
mortality rate among patients newly diagnosed with TB
and/or HIV. Secondary outcomes will include time to
ART initiation, retention in care, IPT and CPT uptake as
per the current SA DoH guidelines, TB cure rates, viral
load testing rates, and viral load suppression rates.
Sample size estimation
We anticipate that about 6000 HIV-positive patients will
be diagnosed with active TB in the study population dur-
ing a 12-month period. This is based on the assumption
that between 100 and 200 new TB-HIV co-infected
patients are seen in each of the 40 clinics per year. This
translates to an average of 350 patients per cluster
(assume unequal cluster sizes). Assuming a case fatality
rate of 15% in the control arm, coefficient of variation
between 0.25 and 0.35, and a type I error rate of 5%, we
will have 80% power to detect a 30% reduction in mor-
tality. The chances of detecting other levels of effective-
ness are shown in Table 4.
Data management
Anonymized TB, HIV, and TB-HIV co-infected patient
data obtained from electronic software systems sup-
ported by the DoH and clinic-based registers will be col-
lated for quality control and for evaluation of impact
made by the intervention in data quality. Also, iDataFax
version 2014.1.1 which is clinical data management
Table 2 Data collection tools, sources, and outcome measures (Continued)
Data to be collected Data source Outcomes measure
TB-HIV service integration in the facility
macro-environment
Survey instrument developed by Uyei et al.
2014 [7]
Measured TB-HIV integration in terms of:
➢ Organization—such as co-location of ser-
vices, combined patient records, informa-
tion management, and joint training
➢ Structure—existent practice of joint
service delivery,
➢ Process—behavior and practice of
delivering services
➢ Culture—work place culture and personal
identification with integrated service
delivery
Clinic profile tool aimed at assessing clinics’
infrastructure, capacity, and systems in place
to implement TB-HIV integration services
A CAPRISA designed tool - Resources inventory and needs for
implementation of TB-HIV integration
services, e.g., available guidelines, proto-
cols, policies, trained staff.
- Existing quality improvement interventions,
processes and measurements
- District level leadership and support
Clinic culture, leadership, resources, etc. The COACH tool designed by Bergstrom
et al. 2015 [56]
- Clinic leadership and support
- Staff knowledge and skills
- Perceptions of work culture at PHC
Staff Work-related Quality of Life WHO Work-related Quality of Life Scale Work-related quality of life for staff at PHC
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software will be used for the design of case reporting
forms for the HCW interviews and its data entry into
the study’s database. Both intervention and control
clinics will have data mentoring by the study data man-
agement team to ensure that quality of data obtained are
improved, standardized, reliable, and valid. The study
database files will be password-protected, and access to
the files will be limited to authorized study staff
members. Quality control measure will be carried out
periodically throughout the study period prior to the
data analysis.
Statistical analysis
The primary outcome of mortality and secondary out-
comes will be analyzed using cluster-summary methods.
The primary outcome will be analyzed among TB-HIV
co-infected patients only while the secondary outcomes
will be analyzed among TB-HIV co-infected, HIV-only,
and TB-only patients. Mortality rate per arm will be cal-
culated as geometric mean of cluster-level summaries
and will be compared using unpaired t test. The same
technique will be applied to secondary outcomes. The t
test applied in cluster-level summaries is one of the ro-
bust methods of analyzing unmatched trials especially
when there are small number of clusters per arm [50].
Since we have 16 clusters and 40 sub-clusters, multi-
level regression will be used as secondary analyses.
Proportional hazard regression with random effects
(frailty models) will be used for analyses of time-to-
event outcomes. Generalized estimating equations and
mixed effects linear models will be used for binary and
quantitative outcomes, respectively. These models will
take the clustering by PHC supervisor and clinic into ac-
count through the random effects. They will also allow
us to adjust for baseline variables, especially those with
imbalance between arms, as this is likely when clusters
are fewer. The HCW interviews will be summarized
using descriptive statistics such as means and fre-
quencies. Adjusted baseline descriptive statistics will be
calculated as the means of the cluster-level summaries
and characteristics of the two arms will be compared
using t test or rank sum tests. Individual-level summar-
ies at baseline will be compared using t test or rank sum
tests and Fisher’s exact test. Data will be analyzed with
SAS version 9.4 (or higher) (SAS Institute INC., Cary
N.C, USA).
Discussion
Findings from this trial are expected to provide informa-
tion on a scalable strategy (a “change package”) to ad-
dress shortcomings in the implementation of integrated
TB-HIV treatment and services. If successful, the strat-
egy could make a contribution to reducing TB-HIV-
associated mortality and morbidity in South Africa and
other regions of the world where co-infection with TB
and HIV is a concern. In 2013, WHO performed a joint
review of HIV, TB, and prevention of mother to child
transmission (PMTCT) programmes in South Africa,
which recommended the need for context-specific
mechanisms for the delivery of integrated TB-HIV
services at PHC and community level, with particular
focus on improving access to TB and HIV services for
children, adolescents, and key populations. Some studies
Table 4 Power to detect different levels of effectiveness
(keeping number of events constant)





Table 3 Study schedule of activities
Study activity Study time points
Baseline (0–1 month) 6–7th month 12–13th month Monthly (1st–18th month)
Retrospective collection of 12 months data on TB-HIV indicators
from TIER.Net*, DHIS** and clinic-based registers
X
***QI Learning Collaborative (Intervention Clinics Only) X X X
Monthly downloads of data on TB-HIV indicators from TIER.Net*,
DHIS** and clinic-based registers
X
Clinic Profile Survey X X X
TB/HIV Service Integration Survey X X X
Work-related Quality of Life Survey X X X
Context Assessment Survey X X X
Quality Improvement Survey (Intervention Clinics Only) X X X
*TIER.Net—Three Inter-Linked Electronic Register for Tuberculosis
**DHIS—District Health Information System
***QI Learning Collaborative—use of PDSA cycles, run charts, process mapping
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undertaken in the South African PHC clinic setting have
shown that the QI strategy can be effective as an inter-
vention for PMTCT care [51–54]. To date, there have
been no studies that have explored the use of the QI
model as an intervention to improve integration of TB
and HIV treatment. An important component of the QI
model is the PDSA cycle, comprising learning cycles to
test and revise theory-based predictions as recommended
by Taylor et al. (2014) in their systematic review on the
application of the PDSA method to improve quality in
healthcare [55]. We anticipate that the findings from this
trial will offer an affordable and sustainable strategy
through use of the QI model to effectively improve the in-
tegration of TB-HIV programmes. The study results will
be communicated to stakeholders through dissemination
meetings, conferences, and publication in peer-reviewed
journals. Recommendations would be made based on the
study findings for appropriate actions to be considered
and taken by the department of health and relevant au-
thorities in areas with high burden of TB and HIV.
Trial status
Data collection is currently on-going.
Abbreviations
ART: Antiretroviral therapy; BREC: Biomedical research ethics committee;
CAPRISA: Centre for the AIDS programme of research in South Africa;
COACH: Context assessment for community health; CPT: Cotrimoxazole
preventive therapy; DHIS: District Health Information System; DoH: Department
of Health; GEE: Generalized estimation equations; HBC: High burden countries;
HCT: HIV counseling and testing; HCWs: Healthcare workers; HIV: Human
immunodeficiency virus; IPT: Isoniazid preventive therapy; PDSA: Plan-Do-Study-
Act; PHC: Primary health care; PMTCT: Prevention of mother to child
transmission; QI: Quality improvement; SA: South Africa; SUTHI: Addressing
challenges in scaling up TB and HIV treatment integration in public health
settings in South Africa; TB: Tuberculosis; TIER.Net: Three interlinked electronic
register for tuberculosis and human immunodeficiency virus; WHO: World
Health Organization
Acknowledgements
We wish to acknowledge BroadReach for their supportive role at the study
clinics as specified in the current health systems strengthening (HSS) grant
awarded to them by USAID (Cooperative Agreement No. AID-674-A-12-00016).
The authors acknowledge Dr. Anneke Grobler for her input into the clinic
selection and Ms. Kelechi Oladimeji for her assistance with editing the manuscript.
Funding
The research reported in this publication is supported by the South African
Medical Research Council with funds received from the South African
National Department of Health, and the United Kingdom (UK) Medical
Research Council with funds received from the UK Government’s Newton
Fund (Grant/Contract No: BR-C 13/0056). The funders have no role in the
study design and will have no role in the execution of the study, analyses
and interpretation of data, or decision to submit results for publication.
Availability of data and materials
Please contact the corresponding author for further information.
Authors’ contributions
KN and SG conceived and designed the protocol. KN is the grant holder.
SG will lead the study implementation. NY provided statistical input in the
protocol design and will be conducting the statistical analysis with her team.
All authors revised the protocol critically for important intellectual content.
All authors approved the final version of the paper for publication.
Ethics approval and consent to participate
Trial was registered (NCT02654613) and subsequently approved by the
biomedical research ethics committee (BREC), University of Kwa-Zulu Natal
(BF108/14). Gateway permission from the Department of Health to conduct
the study at the clinics and also access patient records has been obtained.
Signed written informed consent will be obtained from the participants to
be interviewed. These participants include the health staff working at the
clinics. This study will not require any direct patient contact with research
staff; rather, the research staff will work with the clinic staff to implement the
interventions. Data collected for analysis purposes will be de-identified and
not contain personal information. This is in order to protect the privacy of
the study participant by maintaining anonymity and ensuring confidentiality
is achieved so that no harm comes to the study participants. Beneficence will
be attained through provision of study findings for improved TB-HIV integration
and reduced burden of the aforementioned diseases. The database and
program files will be made available for review by authorized persons, e.g.,
study statisticians, institutional review board, study investigators, etc. Also,
during the study period and few years after, cabinets containing study
administered forms will remain locked. Access will be enabled if needed to





The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Centre for the AIDS Programme of Research in South Africa (CAPRISA),
Nelson R Mandela School of Medicine, Private Bag X7, Congella, Durban
4013, South Africa. 2CAPRISA-MRC TB-HIV Pathogenesis and Treatment
Research Unit, Durban, South Africa. 3Institute for Healthcare Improvement,
Cambridge, MA, USA. 4Gillings School of Global Public Health, UNC Chapel
Hill, Chapel Hill, United States of America. 5Medical Research Council Clinical
Trials Unit at University College London, London, UK. 6BroadReach, Durban,
South Africa. 7Department of Epidemiology, Mailman School of Public
Health, Columbia University, New York, NY, USA.
Received: 29 August 2017 Accepted: 1 November 2017
References
1. Manosuthi W, Wiboonchutikul S, Sungkanuparph S. Integrated therapy for
HIV and tuberculosis. AIDS Res Ther. 2016;13(1):1–12.
2. World Health Organization. Global Tuberculosis Report 2016. Available from
http://apps.who.int/medicinedocs/documents/s23098en/s23098en.pdf.
Accessed 12 Feb 2017.
3. World Health Organization. Global Tuberculosis Report 2015. Available
from http://www.who.int/tb/publications/global_report/en/. Accessed
28 Aug 2016.
4. Kaplan R, Caldwell J, Bekker LG, Jennings K, Lombard C, Enarson DA, et al.
Integration of TB and ART services fails to improve TB treatment outcomes:
comparison of ART/TB primary healthcare services in Cape Town, South
Africa. South African medical journal = Suid-Afrikaanse tydskrif vir
geneeskunde. 2014;104(3):204–9.
5. Legido-Quigley H, Montgomery CM, Khan P, Atun R, Fakoya A, Getahun H,
et al. Integrating tuberculosis and HIV services in low- and middle-income
countries: a systematic review. Tropical medicine & international health:
TM & IH. 2013;18(2):199–211.
6. Daftary A, Padayatchi N. Integrating patients’ perspectives into
integrated tuberculosis-human immunodeficiency virus health care.
The international journal of tuberculosis and lung disease : the official
journal of the International Union against Tuberculosis and Lung
Disease. 2013;17(4):546–51.
Naidoo et al. Implementation Science  (2017) 12:129 Page 10 of 12
7. Uyei J, Coetzee D, Macinko J, Weinberg SL, Guttmacher S. Measuring the
degree of integrated tuberculosis and HIV service delivery in Cape Town.
South Africa Health Policy Plan. 2014;29(1):42–55.
8. McCarthy K, Goemaere E, Wilkinson L, Tihon V, Vilakazi-Nhlapo K, Hausler H,.
A practical guide for TB and HIV service integration at primary health care
facilities 2011. Available from: http://www.inpracticeafrica.com/~/media/
Guidelines/Practical_Guide_TBHIV.pdf.
9. Tweya H, Feldacker C, Gadabu OJ, Ng'ambi W, Mumba SL, Phiri D, et al.
Developing a point-of-care electronic medical record system for TB/HIV
co-infected patients: experiences from Lighthouse Trust, Lilongwe, Malawi.
BMC Res Notes. 2016;9:146.
10. Charles MK, Lindegren ML, Wester CW, Blevins M, Sterling TR, Dung NT, et al.
Implementation of tuberculosis intensive case finding, isoniazid preventive
therapy, and infection control (“three I’s”) and HIV-tuberculosis service
integration in lower income countries. PLoS One. 2016;11(4):e0153243.
11. Webb Mazinyo E, Kim L, Masuku S, Lancaster JL, Odendaal R, Uys M, et al.
Adherence to concurrent tuberculosis treatment and antiretroviral
treatment among co-infected persons in South Africa, 2008-2010. PLoS One.
2016;11(7):e0159317.
12. Department of Health Province of Kwazulu-Natal. Strategic plan 2015–2019.
2015. Available from: http://www.kznhealth.gov.za/Strategic-Plan-2015-2019.pdf.
13. Department of Health Republic of South Africa. National Tuberculosis
Management Guidelines. Pretoria: National Department of Health; 2014.
Available from: http://www.nicd.ac.za/assets/files/National TB management
guidelines 2014.pdf. Accessed 18 Feb 2015.
14. National Department of Health, editor. Adherence guidelines for HIV, TB and
NCDS. Policy and service delivery guidelines for linkage to care, adherence
to treatment and retention in care: Department of Health; 2016.
15. Abdool Karim SS, Naidoo K, Grobler A, Padayatchi N, Baxter C, Gray AL, et al.
Integration of antiretroviral therapy with tuberculosis treatment. N Engl J
Med. 2011;365(16):1492–501.
16. Uthman OA, Okwundu C, Gbenga K, Volmink J, Dowdy D, Zumla A, et al.
Optimal timing of antiretroviral therapy initiation for HIV-infected adults
with newly diagnosed pulmonary tuberculosis: a systematic review and
meta-analysis. Ann Intern Med. 2015;163(1):32–9.
17. Blanc FX, Sok T, Laureillard D, Borand L, Rekacewicz C, Nerrienet E, et al.
Earlier versus later start of antiretroviral therapy in HIV-infected adults with
tuberculosis. N Engl J Med. 2011;365(16):1471–81.
18. Havlir DV, Kendall MA, Ive P, Kumwenda J, Swindells S, Qasba SS, et al.
Timing of antiretroviral therapy for HIV-1 infection and tuberculosis.
N Engl J Med. 2011;365(16):1482–91.
19. Okwera A, Mafigiri DK, Guwatudde D, Whalen C, Joloba M. Level of
understanding of co-trimoxazole use among HIV infected, recurrent
pulmonary tuberculosis suspects at a national referral tuberculosis clinic in
Kampala, Uganda: a qualitative analysis. Afr Health Sci. 2015;15(1):49–57.
20. Walker AS, Ford D, Gilks CF, Munderi P, Ssali F, Reid A, et al. Daily co-
trimoxazole prophylaxis in severely immunosuppressed HIV-infected adults
in Africa started on combination antiretroviral therapy: an observational
analysis of the DART cohort. Lancet (London, England). 2010;375(9722):
1278–86.
21. Harries AD, Lawn SD, Suthar AB, Granich R. Benefits of combined preventive
therapy with co-trimoxazole and isoniazid in adults living with HIV: time to
consider a fixed-dose, single tablet coformulation. Lancet Infect Dis. 2015;
15(12):1492–6.
22. Suthar AB, Vitoria MA, Nagata JM, Anglaret X, Mbori-Ngacha D, Sued O, et al.
Co-trimoxazole prophylaxis in adults, including pregnant women, with HIV: a
systematic review and meta-analysis. The Lancet HIV. 2015;2(4):e137–50.
23. Churchyard GJ, Mametja LD, Mvusi L, Ndjeka N, Hesseling AC, Reid A, et al.
Tuberculosis control in South Africa: successes, challenges and
recommendations. S Afr Med J. 2014;104(3 Suppl 1):244–8.
24. Danel C, Moh R, Gabillard D, Badje A, Le Carrou J, Ouassa T, et al. A trial of
early antiretrovirals and isoniazid preventive therapy in Africa. N Engl J Med.
2015;373(9):808–22.
25. Nglazi MD, Kaplan R, Caldwell J, Peton N, Lawn SD, Wood R, et al.
Antiretroviral treatment uptake in patients with HIV-associated TB attending
co-located TB and ART services. S Afr Med J. 2012;102(12):936–9.
26. Uyei J, Coetzee D, Macinko J, Guttmacher S. Integrated delivery of HIV and
tuberculosis services in sub-Saharan Africa: a systematic review. Lancet
Infect Dis. 2011;11(11):855–67.
27. Massyn N, Peer N, Padarath A, Barron P, Day C. District health barometer
2014/15. Health Systems Trust: Durban; 2015. Available from: http://www.
hst.org.za/publications/District%20Health%20Barometers/Complete_DHB_
2014_15_linked.pdf.
28. Naidoo K, Baxter C, Abdool Karim SS. When to start antiretroviral therapy
during tuberculosis treatment? Curr Opin Infect Dis. 2013;26(1):35–42.
29. South African National AIDS Council. Progress Report on the National
Strategic Plan for HIV, TB AND STIs (2012 – 2016). Pretoria: South African
National AIDS Council. 2014. Available from https://www.healthe.org.za/wp-
content/uploads/2014/12/SANAC-NSP-Progress-Report-2014.pdf.
30. Franco LM, Marquez L. Effectiveness of collaborative improvement: evidence
from 27 applications in 12 less-developed and middle-income countries.
BMJ quality & safety. 2011;20(8):658–65.
31. Schouten LM, Hulscher ME, van Everdingen JJ, Huijsman R, Grol RP.
Evidence for the impact of quality improvement collaboratives: systematic
review. BMJ (Clinical research ed). 2008;336(7659):1491–4.
32. Scoville R, Little K, Rakover J, Luther K, Mate K. Sustaining Improvement. IHI
White Paper. Cambridge: Institute for Healthcare Improvement; 2016.
Available from ihi.org.
33. Wyatt R, Laderman M, Botwinick L, Mate K, Whittington J. Achieving Health
Equity: A Guide for Health Care Organizations. IHI White Paper. Cambridge:
Institute for Healthcare Improvement; 2016. Available from: ihi.org.
34. Khoza A. Zwelithini welcomes renaming of uThungulu to King Cetshwayo
District Municipality. 2016. Available from http://www.news24.com/
SouthAfrica/News/zwelithini-welcomes-renaming-of-uthungulu-to-king-
cetshwayo-district-municipality-20160727. Accessed 14 Sept 2016.
35. Statistics South Africa. Mid-year population estimates 2016. Stat. SA, Pretoria.
Available from http://www.statssa.gov.za/publications/P0302/P03022016.pdf.
Accessed 20 Feb 2017. 2016.
36. Department of Health Province of Kwazulu-Natal. Annual Report. 2015/2016.
37. National Department of Health. National consolidated guidelines for the
prevention of mother-to-child transmission of HIV (PMTCT) and the
management of HIV in children, adolescents and adults. Pretoria:
Department of Health; 2015. Available from: http://www.sahivsoc.org/Files/
ART Guidelines 15052015.pdf. Accessed 24 June 2015.
38. Massyn N, Peer N, English R, Padarath A, Barron P, Day C. District health
barometer 2015/16. Health System Trust: Durban; 2016. Available from:
http://www.hst.org.za/publications/District%20Health%20Barometers/
Complete_DHB_2015_16_linked.pdf
39. KwaZulu-Natal Department of Health. District health plan 2015/2016-
uThungulu district. 2016. Available from http://www.kznhealth.gov.za/
strategic/dhp/ugu.pdf. Accessed 4 Sept 2016.
40. KwaZulu-Natal Department of Health. District health plan 2015/2016- Ugu
district. 2016. Available from http://www.kznhealth.gov.za/Strategic/DHP/
2015-16/Ugu.pdf. Accessed 4 Sept 2016.
41. Osler M, Hilderbrand K, Hennessey C, Arendse J, Goemaere E, Ford N, et al.
A three-tier framework for monitoring antiretroviral therapy in high HIV
burden settings. J Int AIDS Soc. 2014;17:18908.
42. South African National Department of Health. Primary Health Care
Supervision Manual 2009. Available from https://www.medbox.org/
za-community-health/primary-health-care-supervision-manual-a-guide-to-
primary-health-care-facility-supervision/preview? Accesed 22 Mar 2017.
43. Batalden PB, Davidoff F. What is “quality improvement” and how can it
transform healthcare? Quality & safety in health care. 2007;16(1):2–3.
44. United State Department of Health and Human Services Health
Resources and Services Administration. Quality improvement. 2011.
http://www.hrsa.gov/quality/toolbox/508pdfs/qualityimprovement.pdf.
Accessed 14 Sept 2016.
45. Rowe A, Rowe SY, Peters DH, Holloway KA, Chalker J, Ross-Degnan D.
Review of strategies to improve health care provider performance. In: Peters
DH, El-Saharty S, Siadat B, et al., editors. Improving health service delivery in
developing countries. From evidence to action. Washington DC: The World
Bank; 2009.
46. Langley GLMR, Nolan KM, Nolan TW, Norman CL, Provost LP. The
improvement guide: a practical approach to enhancing organizational
performance. 2nd ed. San Francisco: Jossey-Bass Publishers; 2009.
47. Colbourn T, Nambiar B, Bondo A, Makwenda C, Tsetekani E, Makonda-Ridley A,
et al. Effects of quality improvement in health facilities and community
mobilization through women's groups on maternal, neonatal and perinatal
mortality in three districts of Malawi: MaiKhanda, a cluster randomized
controlled effectiveness trial. Int Health. 2013;5(3):180–95.
48. National Department of Health. Joint review of HIV, TB and PMTCT
Programmes in South Africa. 2014.
Naidoo et al. Implementation Science  (2017) 12:129 Page 11 of 12
49. KwaZulu-Natal Department of Health. Universal test and treat (UTT). 2016
[Available from: http://www.kznhealth.gov.za/test_treat.htm.
50. Hayes RJ, Moulton LH. Cluster Randomised Trials: Taylor & Francis; 2009.
51. Doherty T, Chopra M, Nsibande D, Mngoma D. Improving the coverage of
the PMTCT programme through a participatory quality improvement
intervention in South Africa. BMC Public Health. 2009;9:406.
52. Mate KS, Ngidi WH, Reddy J, Mphatswe W, Rollins N, Barker P. A case report
of evaluating a large-scale health systems improvement project in an
uncontrolled setting: a quality improvement initiative in KwaZulu-Natal.
South Africa BMJ Qual Saf. 2013;22(11):891–8.
53. Youngleson MS, Nkurunziza P, Jennings K, Arendse J, Mate KS, Barker P.
Improving a mother to child HIV transmission programme through health
system redesign: quality improvement, protocol adjustment and resource
addition. PLoS One. 2010;5(11):e13891.
54. Ovretveit J. Understanding the conditions for improvement: research to
discover which context influences affect improvement success. BMJ quality
& safety. 2011;20(Suppl 1):i18–23.
55. Taylor MJ, McNicholas C, Nicolay C, Darzi A, Bell D, Reed JE. Systematic
review of the application of the plan-do-study-act method to improve
quality in healthcare. BMJ quality & safety. 2014;23(4):290–8.
56. Bergstrom A, Skeen S, Duc DM, Blandon EZ, Estabrooks C, Gustavsson P,
et al. Health system context and implementation of evidence-based
practices-development and validation of the Context Assessment for
Community Health (COACH) tool for low- and middle-income settings.
Implementation science : IS. 2015;10:120.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Naidoo et al. Implementation Science  (2017) 12:129 Page 12 of 12
